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[57] ABSTRACT 
The invention relates to a method of producing micros 
tructured metallic bodies in which plastic negative 
molds of the microstructures are produced on an elec 
trically conductive base plate by means of electron 
beam lithography, X-ray lithography or a micromold 
ing technique. Cavities of the negative molds are ?lled 
with metal by electroplating while employing the elec 
trically conductive base plate as an electrode. In the 
course of producing the negative molds, a residual plas 
tic layer is left at the bottom of the cavities of the nega» 
tive molds on the electrically conductive base plate. 
Also, before the cavities of the negative molds are ?lled 
with metal by electroplating, the residual plastic layer at 
the bottom of the cavities is removed by means of reac 
tive ion etching with ions that are accelerated perpen 
dicularly toward the surface of the base plate. 

9 Claims, 1 Drawing Sheet 
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‘METHOD OF PRODUCING MICROSTRUCTERED 
METALLIC BODIES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a method of producing mi 

crostructured metallic bodies on an‘electrically conduc 
tive base plate by one of electron beam lithography, 
X-ray lithography and micromolding wherein cavities 
of negative molds are ?lled with metal. 

2. Description of the Related Art . 
Methods of this type are disclosed in German Patent 

Nos. 3,712,268 and 3,206,820. According to German 
Patent No. 3,712,268, a resist layer sensitive to X-ray 
radiation is applied onto a metallic carrier layer, e.g. of 
chromium nickel steel, and is partially exposed to syn 
chrotron radiation through an X-ray mask. The exposed 
regions are dissolved out with a liquid developer, thus 
creating cavities corresponding to the microstructures 
which are ?lled by electroplating with a metal, employ 
ing the metallic carrier layer as an electrode. Thereaf 
ter, the remaining resist layer and, depending on the 
intended use for the microstructured body, also the 
carrier layer can be removed. With these X-ray deep 
etch lithography electroforming processes, also abbre 
viated as the LIGA process, microstructures can be 
generated which have a very high aspect ratio and 
smallest lateral dimensions in the micron range. The 
same applies for electron beam lithography. In connec 
tion with the production of negative molds from these 
electron beam or X-ray sensitive plastics in the form of 
columns or pins having a very small base surface, the 
problem arises that individual columns or pins do not 
adhere sufficiently to the carrier plate and therefore 
may be rinsed away by developer ?uid. 

In a micromolding technique disclosed in German 
Patent No. 3,206,820, end faces of microstructures of a 
molding tool and a corresponding surface of a carrier 
plate must be extremely planar and must be pressed 
against one another under high pressure to prevent 
plastic introduced in liquid form from seeping in be 
tween these surfaces and interfering with the electro 
shaping, which likewise leads to losses of structure. 
German Published Patent Application 3,335,17l.A1 

discloses a method of producing microstructures in 
which, after completion of production of a plastic mold 
from a positive or original shape, initially a photolac 
quer ?lm which had previously been applied to a sur 
face of an electrically conductive base plate of a mold 
ing tool and which is to undergo an intimate bond with 
a molded plastic substance during a molding process, 
remains at the bottom of a plastic negative mold and is 
removed before electroforming of the positive product. 
For the removal of the photolacquer ?lm at the bottom 
of the plastic negative mold, irradiation with UV light 
and subsequent dissolving away by means of a devel 
oper solution are proposed. However, such photolac 
quer ?lms have no optimum adhesion promoting char 
acteristics, which is why this method has not found 
acceptance in practice. 

SUMMARY OF THE INVENTION 

2 
This and other objects are achieved in a method of 

producing microstructured metallic bodies including 
producing plastic negative molds of microstructures on 
a surface of an electrically conductive base plate, by 

5 means of one of electron beam lithography, X-ray li 
thography and micromolding techniques, and ?lling V 
cavities of the plastic negative molds with metal by 
electroplating while employing the electrically conduc 
tive base plate as an electrode, and additionally includ 

10 ing the steps of: leaving, during the step of producing 
the plastic negative molds, a residual layer of plastic at 
the bottom of the cavities of the negative molds on the 
electrically conductive base plate; and, before the step 
of filling cavities of the plastic negative molds with 
metal by electroplating, reactively ion etching the resid 
ual layer of the plastic at the bottom of the cavities, by 
accelerating ions perpendicularly against the surface of 
the electrically conductive base plate, to remove the 
residual layer. 

In this way, it is accomplished that ?ne structures of 
the negative molds, for example, the above-mentioned 
thin columns or pins, initially remain connected with 
one another by way of a common bottom. Only reactive 
ion etching which does not exert any hydraulic or me 
chanical transverse forces on the structures of the nega 
tive molds, exposes the cavities between these struc 
tures down to the surface of the metallic base plate. 
Although this anisotropic dry etching (“flooding”), for 
example, with oxygen ions that are accelerated toward 
the base plate, also removes the uppermost layer of the 
plastic structures, such a loss can be compensated by a 
corresponding increase in height of the plastic layer to 
be applied to the base plate before it is irradiated. In any 

35 case, the invention avoids losses or errors in structure in 
the decisive lateral region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1-4 show various steps of the method according 
40 to an embodiment of the invention with: 

FIG. 1 being a schematic representation of an electri 
cally conductive base plate 1 onto which a layer sensi 
.tive to an electron beam or X-rays is applied; 

FIGS. 20 and 2b showing negative molds which re 
45 sult after developing and dissolving out irradiated re 

gions 2a in FIG. 1; 
FIG. 3 being a schematic representation showing the 

negative molds (pins 6) after reactive ion etching with 
oxygen ions is completed; and 
FIG. 4 being a schematic representation showing 

cavities 7 ?lled with metal 9 after electroplating. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Embodiments of the invention will now be described 
with reference to drawing FIGS. 1 to 4. 
FIG. 1 is a schematic representation of an electrically 

conductive base plate 1 onto which a layer 2 of an elec 
tron beam or X-ray sensitive plastic (resist) is applied. 

60 Between base plate 1 and layer 2 there is disposed a thin 
intermediate layer 3 made of a plastic which serves as an 
adhesion promoter. This layer is not sensitive to elec 
tron beams or X-rays. Through a mask 4, layer 2 is 
exposed to electron beam or X-ray radiation 5 so that 

It is an object of the invention to improve methods of 65 alternating irradiated and non-irradiated regions 2a, 2b 
this type with respect to production of negative molds 
so that no losses or errors occur in microstructures 
during electroshaping. 

are created in layer 2. The irradiated regions 20 corre 
spond to the structure of the microstructured metallic 
body to be produced. 
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By developing and dissolving out the irradiated re 
gions 2a with a developer ?uid, a negative mold com 
posed of high, thin columns or pins 6 is produced on the 
remaining intermediate layer 3. The adhesive forces of 
layer keep the columns or pins ?rmly connected with it 
and also with base plate 1 (FIG. 2a). 
A similar con?guration is shown in FIG. 2b. In this 

example, the columns or pins 60 of the plastic negative 
mold were produced by means of the above-mentioned 
micro-molding technique. It was knowingly accepted 
here that, after the unmolding, a thin residual layer 30 of 
the plastic remained on base plate 1 as the bottom of 
cavities 7 between pins 60. 

Residual layer 30 and intermediate layer 3 (FIG. 20) 
at the bottom of cavities 7 are removed by reactive ion 
etching in that oxygen ions 8 from an oxygen plasma are 
accelerated perpendicularly to the surface 10 of base 
plate 1 and etch away these bottoms (FIG. 3). Reaction 
products of plastic and oxygen are gaseous and are 
therefore able to easily escape from the narrow slit 
shaped cavities. Base plate 1 should be made of a mate 
rial, e.g. chromium-nickel steel, which is not attacked 
by the oxygen ions 8 in a manner that would interfere 
with the electroplating process. Since the oxygen ions 8 
are accelerated perpendicularly to the surface 10 of base 
plate 1, there is no removal of material at the lateral 
walls 617 of columns 6, 60. However, this anisotropic dry 
etching with oxygen causes a certain amount of material 
to be removed at the free end faces 6c of column 6. This, 
however,‘ can be taken into account by providing a 
corresponding increase in the layer thickness of the 
plastic layer 2 to be treated. Since in this type of ion 
etching no lateral forces are exerted onto the columns 6, 
6a of the negative molds, the columns remain ?rm and 
form-stable on the surface 10 of base plate 1, even if 
their cross-sectional and base surfaces are small. Cavi 
ties 7 are ?lled in a known manner with a metal 9 by 
electroplating while employing base plate 1 as the elec 
trode (FIG. 4). Thereafter, the plastic columns 6, 60 can 
be removed by means of a solvent in order to expose the 
microstructured metallic body 1, 9. 

It has been found in practice that very thin residual 
layers at the bottom of the cavities are suf?cient to 
ensure success of the invention. For columns produced 
by electron beam lithography and having a diameter of 
1 pm and a height of several pin, it is suf?cient, when 
working without an adhesion promotor, to stop the wet 
development when a residual layer thickness of 0.1 to 
0.2 pm remains at the bottom between the columns. 
Additionally, after the reactive oxygen ion etching, the 
electroplating process starts very easily on the exposed 
surfaces of the metal base plate. 

Also, in the production of negative molds by X-ray 
deep-etch lithography and the micro-molding tech 
nique derived therefrom, the treatment according to the 
invention makes it possible to reduce the reject rate 
toward zero. With a structural height of 300 pm for the 
negative molds and gap width of 10 pm for the cavities, 
the ion etching was able to remove all remainders of 
resist material out of the gaps. By avoiding the step of 
fully developing the sensitive layer down to the base 
plate, the subsequent treatment according to the inven 
tion quasi takes over, thereby also avoiding structural 
errors. 

Measurements taken at such a negative mold indi 
cated that the treatment with the oxygen ions did not 
produce a measurable removal along the side walls of 
the negative mold. The removal at the exposed surface 
amounted to about 5 pm. 
We claim: 
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1. In a method of producing microstructured metallic 

bodies, including producing plastic negative molds of 
microstructures on a surface of an electrically conduc 
tive base plate by means of one of electron beam lithog 
raphy, X-ray lithography and micromolding tech 
niques, and ?lling cavities of the plastic negative molds 
with metal by electroplating while employing the elec- ‘ 
trically conductive base plate as an electrode; the im 
provement comprising the steps of: 

(a) leaving, during said step of producing the plastic 
negative molds, a- residual layer of plastic at the 
bottom of the cavities of the negative molds on the 
electrically conductive base plate; and, 

(b) before said step of filling cavities of the plastic 
negative molds with metal by electroplating, reac 
tively ion etching the residual layer of the plastic at 
the bottom of the cavities, by accelerating ions 
perpendicularly against the surface of the electri 
cally conductive base plate, to remove the residual 
layer. 

2. A method according to claim 1, wherein said step 
of reactively ion etching comprises using an oxygen 
plasma. 

3. A method according to claim 1, wherein said step 
of producing comprises a step of ?rst applying a plastic 
adhesion promoter layer to the electrically conductive 
base plate to serve as the residual layer of plastic. 

4. A method of producing microstructured metallic 
bodies comprising the steps of: 

producing plastic negative molds of microstructures 
on a surface of an electrically conductive base plate 
by using one of electron beam lithography, X-ray 
lithography and micromolding; 

during said step of producing, providing a residual 
layer of plastic at the bottom of cavities of the 
plastic negative molds on the electrically conduc 
tive base plate; 

reactively ion etching and removing the residual 
layer of plastic at the bottom of the cavities by 
accelerating ions perpendicularly against the sur 
face of the electrically conductive base plate; and 

?lling the cavities of the plastic negative molds with 
metal by electroplating using the conductive base 
plate as an electrode. 

5. A method according to claim 4, wherein said elec 
trically conductive bore plate is a chromium-nickel steel 
base plate. 

6. A method according to claim 4, wherein said step 
of providing a residual layer comprises providing a 
residual layer having a thickness between 0.] and 0.2 
micrometers. 

7. A method according to claim 4, wherein said step 
of producing includes depositing a layer of radiation 
sensitive plastic on the surface of the electrically con 
ductive base plate; and 

forming the negative molds in said layer of plastic by 
one of electron beam lithography and x-ray lithog 
raphy. 

8. A method according to claim 7, wherein said step 
of producing further includes depositing a thin adhesion 
promoting layer of a plastic which is not sensitive to 
electron or x-ray radiation to said surface of said electri 
cally conductive base plate prior to depositing said 
layer of a radiation sensitive plastic, whereby said thin 
adhesion promoting layer forms said residual layer. 

9. A method according to claim 4, wherein said step 
of depositing a thin adhesion promoting layer comprises 
depositing a thin adhesion promoting layer of a plastic 
having a thickness between 0.1 and 0.2 micrometers. 


